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The recent publication of the PREDIMED trial provided definitive evidence that a Mediterranean diet provides
protection against cardiovascular disease. Two articles published in BMC Medicine provide further understanding of
why this may be the case, by considering contributory effects of olive oil, a core food in the diet, and polyphenols,
a class of identifiable protective compounds. Using a number of statistical models, analyses were conducted to
show around a 35% cardiovascular disease risk reduction in the highest consumers of olive oil and a similar degree
of risk reduction for all-cause mortality comparing highest to lowest quintiles of polyphenol intake. The effects were
an advance on cohort studies not related to trials. This suggests that it may be necessary to have better control of
the background diet to enable exposure of the value of individual foods and nutrients in a dietary pattern, bearing
in mind that, by nature, it is difficult to separate out effects of foods, nutrients and whole diets.
Please see related articles: http://www.biomedcentral.com/1741-7015/12/77 and http://www.biomedcentral.com/
1741-7015/12/78.
Keywords: Mediterranean diet, Cardiovascular disease, Mortality, PREDIMED studyCardiovascular disease remains a leading cause of death
throughout the world. Lifestyle factors including diet,
physical activity and smoking habits play a major role in
the development and amelioration of disease risk [1,2].
Fifty years ago the links between dietary saturated fat,
blood cholesterol and coronary heart disease were intro-
duced, but Keys’ observations valuing the Mediterranean
diet in that context may have been overlooked [3]. Later,
guidance on the Mediterranean diet highlighted vegetables,
legumes, fruits and nuts, cereals, olive oils, fish, with
moderate intakes of cheese and yoghurt, low intakes of
meat and poultry and regular small quantities of wine
with meals [4]. More recently, studies have appeared in
the literature providing direct evidence of protective
effects.
One of the first substantial observational studies
involving Greek adults showed that greater adherence
to the Mediterranean diet was inversely associated with
death from coronary heart disease (Table 1) [5]. A further
analysis found the relative dietary contributions to benefitsCorrespondence: ltapsell@uow.edu.au
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reproduction in any medium, provided the orwere moderate alcohol consumption (23.5%), little meat
(16.6%), high consumption of vegetables (16.2%), fruits
and nuts (11.2%), and legumes (9.7%), and a high dietary
monounsaturated fatty acid:saturated fatty acid (MUFA:
SFA) ratio (10.6%), [6]. The use of the MUFA:SFA ratio
may have been problematic, because it referenced nutri-
ents (fatty acids) rather than foods (such as olive oil) [7].
Olive oil is a characteristic food of the Mediterranean diet,
yet by only referring to fatty acid ratios its value could be
lost in translation. Later studies remedied the problem.
In the EPICOR study of Italian women, olive oil con-
sumption was associated with a reduced risk of coronary
heart disease (Table 1) [8]. This was similar to the value
for a prospective cohort analysis of the PREDIMED trial
reported by Guasch-Ferre et al. in BMC Medicine [9],
which also found a further 4% risk reduction if the olive
oil was extra virgin. The PREDIMED study population
was a smaller intervention group of older Spanish adults,
yet the findings were similar to those obtained from the
Spanish EPIC cohort (Table 1). EPIC Spain also showed
a greater reduction in risk with virgin olive oil [10], but
this difference was not detected in a later period of
follow-up (Table 1) [11]. The lack of an association mayhis is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and
iginal work is properly cited.
Table 1 Associations between Mediterranean diet1 or olive oil intake2 and coronary heart disease in European
populations
Study [reference] Population (age) Age (yr) Number Follow-up (yr) CVD risk (HR; 95% CI) P value
EPIC Greece [5] Greek adults 20 to 86 22,043 3.67 0.67 (0.47 to 0.94) <0.0011
EPICOR [8] Italian women 35 to 74 29,689 7.85 0.56 (0.31 to 0.99) 0.042
PREDIMED trial [9] Spanish older adults (55 to 80 yr) 55 to 80 7,447 4.8 0.65 (0.47 to 0.89) 0.012
EPIC Spain [10] Spanish adults (29 to 69 yr) 29 to 69 40,142 10.4 0.78 (0.59 to 1.03) 0.0502
1Two-point increment in Mediterranean diet score.
2Trend for upper versus lower quartile of olive oil intake.
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Plant foods, the basis of the Mediterranean diet, and
olive oil in particular, are rich in polyphenols. Processing
to produce ordinary olive oil can reduce this attribute,
and the bioavailability of these compounds is variable
[12]. The polyphenol content of olive oil is important,
not only for the delivery of compounds with strong anti-
oxidant capacity, but also because it exists in conjunction
with fatty acids that are potentially oxidised [12]. Within
nutrition science, the critical concept of food synergy rec-
ognises that nutrients exist in a purposeful biological sense
within foods, delivering them in combinations that reflect
biological functionality [3]. Thus, while it is difficult to
separate out the effects of foods within a total diet, it is
also difficult to study effects of nutrients and bioactive
substances in isolation of foods.
Having said that, in the re-analysis of the PREDIMED
trial data reported in BMC Medicine, Tresserra-Rimbau
et al. [13] found a 37% relative risk reduction for all-cause
mortality between the highest and lowest quintiles of
polyphenol intake (HR 0.48; 95% CI 0.25 to 0.91; P trend
0.04), adding to another analysis showing a 46% risk
reduction of cardiovascular disease (CVD) comparing Q5
and Q1 of polyphenol intake (HR 0.54; 95% CI 0.33 to
0.91; P trend 0.04) [14]. The most abundantly consumed
polyphenol and phenolic group were 5-caffeoylquinic acid
and hydroxycinnamic acids, found in coffee, and the main
food sources at baseline comprised coffee, oranges, apples,
olives/olive oil and red wine, indicating their significance.
However, when compared to other countries, the con-
sumption of olives and olive oil was the main differenti-
ating factor for the Spanish cohort in the consumption
of polyphenols [15]. There are other nuances to consider.
Total polyphenol intake had a stronger inverse association
with mortality risk in women who did not drink alcohol
[15], and those beginning with the worst dietary habits
more frequently made changes toward better compliance
to the diet [16], a phenomenon that has been shown
elsewhere [17]. The re-analysis of the PREDIMED trial
data reported in BMC Medicine [13] found no appar-
ent modification of the polyphenol effect between diet
groups, but then the trial was not designed to test theeffects of polyphenol intakes. Trials such as PREDIMED
produce a wealth of data, but re-analyses demand an
appreciation of primary outcomes and sophisticated
statistical analyses, all of which have been demonstrated
in the papers reported here.
As Ros [7] correctly points out, despite adjustments for
confounders such as education, adiposity and diet quality,
observational (cohort, case control and cross sectional)
studies and analyses cannot infer causality given the
possibility of residual confounding. Large-scale trials are
required. The PREDIMED study was a major trial com-
paring the effects of a Mediterranean diet supplemented
with olive oil or nuts to a control low-fat diet. The pri-
mary results were outstanding, showing a 30% reduction
in cardiovascular events in the treatment arms, proving
the effect of the diet [18]. There is some discussion as to
whether the PREDIMED study tested the effects of the
Mediterranean diet or the supplemental foods (olive oil
and nuts) [19]. The recent analyses of the PREDIMED
study [9,13] address this concern in part by confirming
associations with key foods and food components, showing
that it is all these influences occurring together. Different
forms of analysis on a single trial are informative, as they
help to clarify critical elements. This is particularly the
case in nutrition science where it is difficult to separate
out effects of foods, nutrients and whole dietary patterns
[20]. The main take-home message is that the diet is ef-
fective and the foods are readily identifiable, but further
analyses can be of value.
Not only were the participants in the PREDIMED study
at high CVD risk, but they also received healthy dietary
advice (both intervention and control). The strength of
the food-based analysis reported by Guasch-Ferre [9]
is that it distinguishes effects that could be attributed
to olive oil, a food that is clearly at the centre of the
Mediterranean diet. It may not have been possible to
do so if the background diet were much more variable,
as may be the case in non-trial cohorts. The lack of an
association in the control and the presence of an associ-
ation in both MedDiet groups (extra virgin olive oil and nut
supplemented) seem to confirm this position. The same
can be said of the findings reported by Tresserra-Rimbau
et al. [13]. It may also explain the inability to observe
Tapsell BMC Medicine 2014, 12:100 Page 3 of 3
http://www.biomedcentral.com/1741-7015/12/100significant associations in observational studies, although
developments in statistical approaches are proving very
helpful. It may be necessary to have better control of
the background diet to be able to appreciate the value
of individual foods and nutrients in a dietary pattern.
The re-analyses of data from the PREDIMED trial cohort
throw light on many issues. Most importantly, they help
us better understand the primary outcomes of the trial,
and like all good research, they raise further questions for
separate investigation.
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